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(54) Gas distributor plate for a gas phase polymerisation apparatus 

(57) A gas distributor plate provided in a fluidized 
bed polymerization vessel which effects the gas phase 

polymerization of olefins, the gas distributor plate exhib> FIG. I 

(ting excellent action for unifomnty diffusing the gas flow 
in the fluidized bed zone. A gas distributor plate has a 
number of gas passage holes and is provided in a fluid- 
ized bed polymerization vessel which effects the gas 
phase polymerization of olefins, ¥vherein when the inner 
radius of the straight drum portion of the polymerization 
vessel is denoted by 1 . the holes perforated in the outer 
peripheral portion of the distributor plate at 0.7 to 1 .0 
from the center of the straight drum portion have an av- 
erage diameter which is larger than the average diam- 5 
eter of the holes perlorated in the inner peripheral por- 
tion of the distributor plate at smaller than 0.7 from said 
center. This makes it possible to uniformly and stably 
diffuse the gas flow in the fluidized bed zone in the po- 
lymerization vessel, to effectively prevent the formatwn 
of a dead zone, as well as to effectively prevent the pol- 
ymer from adhering onto the wall surfaces of the polym- 
erization vessel. 
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Description 

BACKGROUND OF THE INVENTION 

5 (Field of the Invention) 

The present invention is concerned with a gas distributor plate provided in a fluidized bed polymerization vessel 
which carries out the gas phase polymerization of olefins. 

The words 'polymerization* and 'polymer* appearing in this specification are used in a sense to include "homopo- 
10 lymerization* and 'copolymerization', as well as 'homopolymer' and *copolymer*. 

(Prior Art) 

Owing to the improvement in the transition metal catalysts for polymerizing olefins, the production of olefin polymers 
IS has increased strii(ingly per a unit amount of the transition metal and made it possible to eliminate the step for renrK>ving 
catalyst after the polymerization. 

When such highly active catalysts are used, it is generally a widely accepted practice to conduct the polymerization 
of olefins in the gas phase since it requires the simplest polymerization operation. In such a gas phase polymerization, 
a fluidized bed potymerization vessel equipped with a gas distributor plate is used in many cases in order to smoothly 
20 carry out the polymerization. That is, an olefin or an otef in-containing gas is introduced into the lower portion of the 
polymerization vessel by using a compressor or a blower through a conduit, is caused to rise in the polymerization 
vessel being uniformly dispersed through a gas distributor plate in which a number of holes are perforated, and is 
subjected to the potymerization in a fluidized manner as it comes into contact with the catalyst particles in a fluidtzed 
bed zone on the upper side of the gas distributor plate. In this case, an olefin polymer is formed on the surfaces of the 
2S catalyst particles and. hence, solid particles comprising catalyst particles and olefin polymer float in the fluidized bed 
zone. 

The un reacted gas is taken out from the upper part of the polymerization vessel, cooled with the cooling water or 
brine, and Is sent to the lower part of the polymerization vessel by the compressor or blower so as to be used in a 

recycling manner. 

30 In order to stably and efficiently operate the fluidized bed polymerization vessel to conduct the above-mentioned 

gas phase potymerization for extended periods of time, it becomes necessary to take the following countermeasures: 

(1) To prevent the occurrence of heat spots in the fluidized bed which is the reaction zone for the gas phase 
polymerization; 

3S (2) To prevent the polymer particles from melt-adhering in the fluidized bed; and 

(3) To prevent the formation of non-fluldizing or poorly fluidizing polymer panicles. 

As a principal means for carrying out these countermeasures, there can be proposed a method of uniformalizing 
the ditf usbn of gas in the fluidized bed zone, and a gas distributor plate plays an important role for uniformalizing the 
40 diffusion of gas. 

For instance, the unreacted gas taken out from the upper part of the polymerization vessel includes a powdery 
polymer which contains catalyst. When the above-mentioned countermeasures (1 ) to (3) are not enough, the powdery 
polymer grows gradually due to polymerization or melt-adhesion as the powdery polymer is circulated, resulting in the 
formation of the polymer in the form of particles or masses. The powdery polymer and the granular or massive polymer 
<s adhere on the wall surfaces of the conduits to plug the conduits or to deteriorate the ability of the apparatus. In the 
fluidtzed bed zone in the polymerization apparatus, furthermore, the powdery polymer falls, passes through the holes 
in the distributor plate, blown back to the back surface of the distributor plate due to the flow of gas from the lower 
direction and buikte up gradually As a result, the polymer built up on the back surface of the distributor plate plugs the 
holes (gas passage holes) in the diff usbn plate, or the polymer that is adhered peels to plug the holes of the distributor 
so plate, making it difficult to feed the gas in a specified amount into the fluidized bed zone, or it becomes difficult to take 
out the massive polymer formed on the plugged portions in the polymerization apparatus. 

tJnder such circumstances, a variety of gas distributor plates have heretofore been proposed. 
Japanese Patent Publication No. 43443/1987 discloses a gas distributor plate having a numerical aperture lying 
within a predetermined range. By using this gas distributor plate, the flow of gas is stably maintained in the fluidized 
55 bed zone and the conduits are prevented from being plugged even when the unreacted gas taken out from the upper 
part of the polymerization vessel is circulated. 

Japanese Patent Publication No. 42404/1 ggs discbses a gas distributor plate of a structure in which overcaps of 
the shape of a roof are provbed on the gas passage holes, and the gas flows out from both sides of the caps. 
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Furthermore Japanese LaidOpen Patent Publication No. 284509/1989 discloses a gas distributor plate havino 
overcaps Of the shape o. which the outer line as viewed on a vertical cross section rises S an inc in^ ^nerlj « 
to cover the gas passage holes, instead of having the above-mentioned root-shaped overcMS 

hotel'^b^^g'ST" ''"''^'^ ^'^'^"^^ "--'-e .^e gas passage 

The gas cflstributor plates proposed in the above^nentioned prior art are helpful to some extent in preventing the 
gas passage ho es from being plugged but are not still satisfactory from the standpoint ot efliciently opeS me 
nu-d^ed bed polymeruation vessel tor extended periods of time, That is, the gas disUibutor pE d tSese Sr aJ 
have poor ad.on lor unrfomnly diffusing the flowof gas in thenuidi2edbedzone,arenot capable <^?^e^^^^^ 
Of pluggujg, and are not satisfactory lor executing the above-mentioned countermeasures (1 ) to rS^e" e« 

Zi^^Z ' '''' °^ "^^^^"""9 '^^ ^ " difficult ti stLtt^Str^ 

polymerization vessel over extended periods of time. operaie me 

SUMf>^ARY OF THE INVFNTinM 

It is therefore an object of the present invention to provide a gas distributor plate which is provided in a fluidized 
bed polymerBat.on vessel which effects the gas phase polymerlzaiton of olefins the gas distrZor p Je eSS2 
excellent action for uniformly diffusing the flow of gas in the fluidized bed zone °«"«>"'« Pla^ exhibrting 

pasrgrh:;e:'5s:,trg pTggr """" '° ^ ^^'^ ^^^^ ^--^'-^ ^ ^ ^ 

According to the present invention, there is provided a gas distributor plate having a number of oas oassaoe holes 
wh«h IS providedinafluidizedbedpolymerization vessel Which effects the gas phase Sol^^^^^^ 
When an inner radius of a straight drum portion of the polymerization vesVel I denoted by 1 l^rho e^perto^.ed in 
an outer peripheral potion of the distributor plate at 0.7 to 1.0 from the center of the straight rm Z^ ntf an 
average diameter which Is larger than the average diameter of the holes perforated in an ^er peTXTpSS, of 
the distributor plate at smaller than 0.7 from said center ""ner peripnerai portion of 

In a convemional fluidized bed polymerization vessel, the velocity of gas flow in a portion close to the walls of the 
polymerization vessel is smaller than the velocity of gas flow at the cenual portion. UentSTthe ^ "elS 
uni ormly drtfused. Accordingly, a dead zone where masses of polymer easily grow s formed Sn the^aVSrS 

ripheTp^rrraTavtrr^C^^^^^ 

portion, so that the velocity of gas flow through the gas passage h^es form^ in the 

larger than the velocity of gas flow through the gas passage holes formed in the >nnT^Xl^t^lt,^ 
.TrbeTn " ^ ''"^^^ """^'^ '^^ 

o. ,hl!,«^7°?K T^I"'!!? P'^*"' ''«'**'y 9^ flowbecomes considerably great near the wall 

emits ""'•'^'^'^^^ 

According to the present invention, therefore, the gas distributor plate and the like are olunneri »/er« mtio 

According to the present invention, furthermore, there is provided a gas distributor plate havino aTumhlr^ 
passage holes which is provided in a fluklized bed polymerization vessel'whch eff^'s gas ^Se Z^^^ 
01 Olefins. Wherein each hole is downward^ flaring in a conical shape at a flaring angle 9 of frin M ,oTm^ 

In the gas d«tr,butor plate of this embodiment, the hole has an edge of an obtuse angle ^ere of^ me powderv 
or massive polymer smoomiy passes mrough the hole wtthout being captured. Besides, since the sSal are^ oUhe 
hole decreases in a direction in which the gas flows, the velocity ol gas flow passing mrough the ho"e t eases 'o 
devetop vortex, permrtting me polymer to adhere in decreased amounts on the walls ol the holes LreleT since me 

« the gas flow undergoes a change, so that the polymer adheres in decreased amoums even 

According to the present invention, there is further provided a gas distributor olale hayZ^ZZJ^^ 
holes Which is provided in a fluidized bed polymerizatK^ vessel vSch e,.ecSS:S^;":;S^^^^^^^^ 

whereui an overcap«so provided as to coverthe upper Side of each hole so matme gas fto^^^^^ 

drain«l u, one direction an outer line ol the cap as viewed in a vertical cross section upward? ripest antdinj^ 

.rerzeS^rrr^'''"^""^^'^""''^'^^ 

The gas distributor plate with overcaps disclosed in the above-mentioned Japanese Patent Publication No. 
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42404/1992 and Japanese LaidOpen Patent Publication No. 284509/1 989 have an advantage in that the powdeiy or 
massive polymer falling from the fluidized bed zone does not easily enter into the gas passage holes However the 
polymer that happens to enter into the overcaps stay therein and plugs the caps, still leaving room for Improven^ent 
Moreover, these gas distributor plates are not satisfactory even from the stanc^oint of uniformly dilfusing the flow of gas ' 
According to the gas distributor plate equipped with overcaps having a horizontal portion of the present invention' 
on the other hand, the gas that has passed through the gas passage holes flows out horizontally along the upper 
surface of the gas distributor plate. Therefore, the powdery or massive polymer that happens to fall down from the 
fluidized bed zone, is permitted to enter little into the caps. Besides, the gas flows smoothly in a horizontal direction 
from the rising portion of the cap to the horizontal portion thereof. Therefore, the velocity of gas flow is nearly unifof- 
mahzed in the cap space and. hence, dead zone is little formed in the cap space. /Accordingly, the gas distributor plate 
having such overcaps of the present invention effectively prevents the plugging not only in the gas passage holes but 
also in the caps. 

Besides, according to the present invention, there Is further provided a gas distributor plate having a number of 
gas passage holes which is provided in a fluidized bed polymerization vessel which effects the gas phase polymerization 
of olefiris. wherein an overcap is so provided as to cover an upper side of each hole so that the gas flowing through 
said hole IS drained in one direction, an outer line of the cap as viewed in a vertical cross section is upwardly inclined 
from a root portion thereof toward the hole in a straight shape or in a stream lined shape, and a partitioning wall is 
provided in a portion in the cap on the side opposite to the side where the gas flows out. the partitioning wall risina 
from an upper edge of the hole and reaching an inner wall surface of the cap. 

Being provided with the partitioning waU, the gas distributor plate prevents the formation of dead zone where the 
gas flow tends to stagnate and. hence, effectively prevents the plugging in the caps. That is. in an overcap which is 
so fornied that the gas flow is drained in one direction, a dead zone is likely to be formed in space between the upper 
edge of the gas passage hole and the inner wall of the cap at a portion (hereinafter referred to as 'back side') on the 
side opposite to the side where the gas flows out in the cap. According to the embodiment of the present invention 
the partitioning wall that rises from the upper edge of the gas passage hole prevents the formation of dead zone ' 
In the gas distributor plate equipped with overcaps of the present invention, therefore, the partHioning wall is formed 
and as descnbed earlier, a horizontal portion is formed at the upper end of the caps, in order to more effectively prevent 
the formation of dead zone and to prevent the plugging in the overcaps. 

3» BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram simply itlustiating the structure of a fluidized bed polymerization vessel equipped with a oas 
distributor plate of the present invention; HHKuwiuiagas 
Fig. 2 is a plan view of the gas distributor plate of the present invention; 

Fi9^3 is a side sectional view illustrating, on an enlarged scale, the gas 'passage holes in the gas distrtoutor plate 
of the present invention; ^ 
Fig. 4 is a plan view illustrating the gas passage holes of Fig. 3 on an enlarged scale- 
Fig. 5 is a diagram illustrating a state where the gas passage holes are plugged ina i»nveniional gas distributor 

plate; ^ 

Fig 6 is a diagram illustrating another stale where the gas passage holes are plugged in the conventional gas 
OlstriDutor plate; ^ 
Fig. 7 is a plan view of an overcap provided on the gas passage hole; 

Fig. 8 is a diagram illustrating the X-X section of the overcap of Fig. 7. the gas passage hole being formed in a 
straight shape; 

Fig. 9 Is a diagram illustrating the X-X section of the overcap of Fig. 7. the gas passage hole having the shape of 

' 'g- 3» 

Fig. 10 is a vertical sectional view illustrating a preferred example of overcap provided on the gas passage hole 
Fig. 11 IS a plan view of an overcap having a partitioning wall; 
Fig. 12 is a vertical sectional view of the overcap; 

Fig. 13 is a plan view of an overcap having a suitable partitioning wall; and 
Fig. 14 is a vertical sectional view of the overcap of Fig. 13. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention will now be described by way of embodiments in conjunction with the accompanying drawings. 



J5 



AO 



AS 



SO 



55 



4 



EP0721 798 A2 



(Polymerization Vessel) 



Referring to Fig. 1 simply illustrating the structure of a fluidized bed polymerization vessel equipped with a gas 
distributor plate of the present invention, a polymerization vessel 1 has a straight drum portion la. A gas distributor 
s plate 2 is provided at a lower portion o1 the straight drum portion la. space in the polymerization vessel 1 is divided 
up and down by the gas distributor plate 2. a Huidized bed zone lb is fornrwd in an upper side of the plate 2 to eftect 
gas phase polymerization, and a gas introduction zone 1c is formed in a lower side of the plate 2. 

A conduit 5 for feeding a catalyst and a conduit 6 for taking out the formed polymer are connected to the fluidized 
bed zone lb in the polymerization vessel 1. and a gas exhaust pipe 7 is connected to an upper portion 
10 To the gas introduction zone 1c is connected a pipe 10 for feeding an olefin or a gas containing olefin The gas 

introduced (nto the gas introduction zone lc flows into the fluidized bed zone lb through the gas distributor plate 2. 
and is subjected to the gas phase polymerization in a fluidized manner. 

The exhaust gas from the gas exhaust pipe 7 is circulated into the gas introduction zone 1c passing through a 
cooler 1 4. a blower (or compressor) 1 5 and a circulation conduit 1 3. The gas circulated through the circulation conduit 
'5 1 3 contains the powdery polymer though the amount may be very small. 

(Gas Passage Holes in the Gas Distributor Plate) 
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Referring to Fig. 2 which is a plan view of the gas distributor plate of the present invention used for the above- 
mentioned fluidized bed polymerization vessel 1. a number of gas passage holes 20 are formed in the gas distributor 
plate 2, and the gas flows into the fluidized bed zone 1 b from the gas introduction zone 1 c passing through the passaoe 
holes 20. » r » 

According to the present invention, when the inner radius of the straight drum portion la of the polymerization 
vessel 1 is denoted by 1 . the holes 20 perforated in the outer peripheral portion A of the distributor plate at 0.7 to 1.0 
from the center O of the straight drum portion (which is in common with the center O of the distributor plate 2) have 
an average diameter which is larger than the average diameter of the holes 20 perforated in the inner peripheral portion 
B of the distributor plate at smaller than 0.7 from said center O. 

Accordingly, the velocity of gas flowing through the holes 20 in the outer peripheral portion A close to the wall 
surface of the polymerization vessel 1 becomes greater than the velocity of gas flowing through the holes 20 in the 
inner peripheral portion B. Therefore, even when the velocity of gas flow decreases due to friction with the wall surface 
of the polymerization vessel 1 . the gas flow as a whole is unifomi in the fluidized bed zone l b, and no variance develops 
in the flow velocity. Hence, there is formed no dead zone where there tends to stay powdery polymer or polymer grown 
into masses. Besides, the occurrence of heat spots which are causes of irregular polymerization is effectively prevented 
In the fluidized bed zone lb. furthernrore. the velocity of gas flow is fast in the portions close to the wall surface of the 
polymerization vessel 1, and the polymer is effectively prevented from adhering onto the wall surfaces. 

In the above-mentioned gas distributor plate 2. there is no particular limitation on the average diameter of holes 
formed in the outer peripheral portion A. which is larger than the average diameter of holes formed in the inner peripheral 
portion B. For example, part of the holes 20 formed in the outer peripheral portion A may have diameters smaller than 
the average diameter of the holes formed in the inner peripheral portion B. or the diameter of the hole may be gradually 
increased from the center O toward the outer peripheral portion A. It is generally desired that the holes formed in the 
outer peripheral portion A have such an average diameter that the average linear velocity of gas passing through the 
holes 20 in the outer peripheral portion A is 20 to 100 times as fast and. particularly. 30 to 70 times as fast as the linear 
velocity of gas in the fluidized bed zone 1 b. Concretely speaking, it is desired that the holes formed in the outer peripheral 
portion A has an average diameter which is 1.1 to 5 times as great and. particularly. 1.5 to 3 times as great as the 
average diameter of the holes formed in the inner peripheral portion B. A too large difference between these two 
average diameters rather impair uniformity in the diffusion of gas. In this case, the linear vetocity of gas passing through 
the holes 20 formed in the outer peripheral portkxi A is calculated from a pressure difference between the fluidized 
bed zone 1 b and the gas introduction zone 1 c. from the rate of supplying the gas and from the diameters of the holes 20. 

As will be described later, furthermore, when the gas passage holes 20 have diameters that become smaller toward 
the fluidized bed zone lb and become larger toward the gas introduction zone 1c. the diameters of the gas passage 
holes 20 stand for the minimum diameters (i.e.. diameters on the skje of the fluidized bed zone lb). 

Generally, a number of gas passage holes 20 in the gas distributor plate 2 should be arranged circularly and 
concentrically. In general, furthermore, the diameters and densities of holes on the side of the fluidized bed zone lb 
should be from 10 to 18 mm and from 1 50 to 500 holes/hi^ though they may vary depending upon the outer peripheral 
portion A and the inner peripheral portion B. and it is desired to set the average hole diameters in the outer peripheral 
portion A and in the inner peripheral portion B within the above-mentioned ranges so as to satisfy the above-membned 
conditons. 

Figs. 3 and 4 illustrate a preferred shape of gas passage holes 20 formed in the gas distributor plate 2 of the 
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in inis case, as shown in Pima *i an^ a tu^ ^ owiw. 

polynief and contains, depending upon the cases me T P^'^'^^""*"" ^'e^sel 1 contains the powdery 

or as thepolymer adhered on theleS^lXeelsirmeJ^ 

plate 2 in the gas introduction zone lc, these Sy,^, ^i^'e^^;^'':rl^^^ 

9'^<^"«"y drawings, the adhereS^iy^'Tje'SiiatS Th-r " = ^ and 

back surface toan extreme degree, the gas oasJZ hZl t» . '^^ POly^er adheres to the 

pee.so«the5acKsur.aceas?hown';SgTardCgiri:pX?ffioT^ 

jnapredetermined arnouni into the fluidizK) bed 2onelborttev«^^f„°^^ ^ 9» » "«« supplied 

bed «ne ,b to irnpair stable operation in the poly^^^^^^^^^^ 

uniiKe,^^rpi^tirs;~™ 

the peeled masses Of polymer are little trapped iSTe ;^^^^^ 
ttvelypreventedtrom being Plugged unlikethose Of FigTlXemiSLm'^^^^^ 

of gas flowing through the gas passage holes 20 ino^ea^lTZT^ T ^ ^"'^ ^' '""hermore. the velocity 

Mc.eover,since the direction Of gas flJwchan^a^XX^^^ 

.n the gas adheres very little onto the wall suLes "'^ ^' "'^ P^^^-V PoVmer contained 

When the angle is too large, the diaX'^ , ^ "ir^^^^^^^ '^^ "'"^S'^S becomes inllfan 

smaH or the diameter a. the lower end becomes veV£foe <^istr.hflrH?'' '° considerabV 
number Of gas passage holes 20. As a result, i, be^Z aS^o^u^jT^^^^^ '"^'^ « "decreased 
flu.d,zed bed zone lb. or the loss o. pressure so ir^^!TZ l7lZJ\T:"^^^^^ 
em^.yed.There,u.herar.esanotherdisadvantage..tre'^^^ 

being trapped therein. ^^^^^^ ^^"'^ *"°"8*' ^^e gas passage holes 20 without 

the inner peripheral portion B as described in relation to F g i TuZI^I'h 1^'°" " ^ 
gasflowinthefluidizedbedzonelcmaKingitveryaralolustr^^^^^^^ allowed to very uniformly diffuse the 
« the polymerization vessel 1. ^ ^ ^^~"*""='^"""°"«'ya"d6tablycarryoutthepoUerizalion 

(Overcaps on the Gas Distributor Plate) 

t^^rrorT^^^^^^^^^ 

^ercap.F^.aand9rd:j:^^ 

together with the gas passage hole, and, panicularV >Tb n uLt^Th J *" '^'^ ^' '^^ ^'^'^P o' ^'9 7 

straight and Fig. 9 illustrates the case where the is paLoe t^^TSilt ! T'^ ^""^9^ « 

in these drawings, the overcap designated aT^Ta 2.^2 ,2 l!T ''T'""'*"^ "^''"^ " F*9. 3. 

in pamcular, the overcap has an outer li^e which, as JfeLtra^en^^i '" ° ^ "^'S*- ^ and 9. 

rrr?:rr~s— .r— ^^^^ 
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A preferred example of the overcaps 30 is shown " F 

In the overcap 30 shown in Fig. 10, furthermore » , 
.nchned wall30a ot ,he overcap and thropJTtecK 3,!'^^^ "^'ween the root portion of the 

The partitioning wall shown in Figs 11 aZt tlft'^ k °" « ^"^^^'^vely prevented 

(Polymerizing Conditions) a • ' ». 

In the gas phase polymerization of olefins usino iho r^^. 

A hydrogen gas may be used together with ih» =h e'nyene 
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metal compound. The catalyst component of the transition metal compound will be the compound of a transition metal 
such as titanium, vanadium, chromium, zirconium or the like, and will be in the form of a liquid or a solid depending 
upon the conditions in which it is used. The catalyst component needs not be a single compound but may be carried 
by other compounds, or nnay be in the form of a homogeneous mixture with other compounds, or may be in the form 
of a complex or a composite compound with other compounds. 

Examples of the catalyst containing the catalyst component of such a transition metal compound include Ziegler- 
Natla catalyst and metallocene catalyst that have been widely known. 

The Ziegler-Natta catalyst contains a titanium catalyst component as the catalyst component of transition metal 
compound and further contains the catalyst component of an organometal compound. 

A desired titanium catalyst component is so highly active as to form an olefin polymer In an amount of not smaUer 
than about 5000 g and. particularly, not smaller than about 8000 g per millimol of titanium. A representative example 
IS a solid titanium catalyst component which is highly activated with a magnesium compound. The highly activated 
solkJ titanium catalyst component contains, for example, titanium, magnesium and halogen as essential components 
contains amorphous magnesium halKle. and has a specific surface area of preferably not smaller than 40 m^/g and' 
particularly, from 80 to 800 m^/g. The highly active titanium catalyst component may contain an electron donor such 
as organic ester, silicic ester, acid halide. acid anhydride, ketone, acid amide, tertiary amine, inorganic acid ester, 
phosphoric ester, phosphorous esier. ether or the like. A particularly preferred catalyst component contains titaniun^ 
in an amount ol from about 0.5 to about 10% by weight and. particularly, from about 1 to about 8% by weight has a 
titanium/magnesium ratio (atomic ratio) of from about 1/2 to about 1/100 and. partcularly. from about 1/3 to about 1/50 
a halogenAitanium ratio (atomic ratio) of from about 4 to about 100 and. particularly, from about 6 to about 80 and ari 
electron donorAitanium ratio (molar ratio) of from 0 to about 10 and. particularly, from 0 to about 6. 

The catalyst component of an organometal compound used together with the above-mentioned titanium catalyst 
component has bonds of carbon atoms and metals of the Groups I to III o( periodic table, such as an organic compound 
of an alkali metal, an organometal compound of an alkaline earth metal or an organoaluminum compound Concrete 
examples include alkyi lithium, aryl sodium, alkyi magnesium, aryl magnesium, alkylmagnesium halide. arylmagnesium 
hal.de, alkylmagnesium hydride, trialkyi aluminum, alkylaluminum halide. aikylaluminum hydrkie. alkylaluminum alkox- 
ide. alkyi lithium aluminum, and mixtures thereof. 

In addition to the titanium catalyst component and the catalyst component of organometal compound there can 
be further used hatogenated hydrocarbons or the aforementioned electron donor in order to adjust the stereospecif icity 
molecular weight and molecular weight distributwn. In this case, the electron donor component can be used in a form 
in which the catalyst component of an organometal compound and a complex or an adduct have been formed in 
advance. 

In the above-mentioned Ziegler-Natta catalyst, it is desired that the titanium catalyst component is used in an 
amount of from about 0.0005 to about 1 millimol and. particularly from about 0,001 to about 0.5 millimol in terms of a 
transition metal per liter of the reaction bed volume. It is further desired that the catalyst component of the organometal 
compound is used in such an amount that the organometalAransilton metal ratk> (atomic ratio) is from about 1 to about 
2000 and. partk:uiarly. from about 1 to about 500. When an electron donor catalyst component is used in addition to 
the titanium catalyst component and the catalyst component of the organometal compound, it is desired that its amount 
IS not larger than about 1 mol and. panicularly. not larger than about 0.6 mols per mole of the catalyst component of 
^0 the organometal compound. 

As the metallocene catalyst, there can be used a solid metallocene catalyst comprising, for example (a) a com- 
pound of a transition metal of the group IVB of periods table including a ligand having a cyclopentadienyl skeleton, 
(b) an organoaluminum oxy compound, and (c) a particulate carrier. 

In the solid metallocene catalyst, the transition metal compound (a) (hereinafter often referred to as metallocene 
compound (a)) is represented by the following formula (1), 

MLx 

wherein M denotes a transition metal atom of the Group IVB which, concretely, is zirconium, titanium or hafnium and 
L denotes ligands coordinated on transition metal atoms, at least one ligand L having a cyclopentadienyl skeleton 
Ligands L without cyclopentadienyl skeleton will be hydrocarbon group with 1 to 1 2 carbon atoms, alkoxy group aryloxy 
group, trialkylsilyl group. SO3R group (R is a hydrocarbon group with 1 to 8 carbon atoms and may have a substituent 
such as hatogen). halogen atom or hydrogen atom. Symbol x denotes a valence of the transition metal atom M 

In the ligands L without having the cyclopentadienyl skeleton, concrete examples of the hydrocarbon group havinq 
1 to 12 carbon atoms include alkyi group, cycloalkyi group, aryl group and aralkyi group. Furthermore examples of 
the alkyi group include methyl group, ethyl group, propyl group, isopropyl group and butyl group, examples of the 
cycloalkyi group include cyclopentyl group and cyclohexyl group, examples ol the aryl group include phenyl group 
tolyl group, and examples of the aralkyi group include benzyl group and neophyl group. 

The metallocene compounds (a) represented by the above-mentioned formula (1) can be used in a single kind or 
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in a combination of two or more kinds. They may further be used being diluted with hydrocarbons or halogenated 
hydrocarbons. 

In the metaltocene compounds (a) used in the present invention, it is desired that the transition metal atom at the 
center is zirconium and at least two ligands L have a cyclopentadienyl skeleton. Concrete examples include: 

5 

Bis(n-propylcyclopentadienyl)zirconium chloride; 
Bis(n-butylcyctopentadienyl)2irconium chtoride; 
Bis( 1 -methyl-3-n-propylcyc topentadienyI)2irconium chtoride; 
Bis(1-methyl-3-n-butylcycbpentadienyl)zirconium chtoride; 
10 Bis(trimethylcyclopentadienyl)2irconium chloride; 

Bis(tetramethytcyciopentadienyl)zirconium chtoride; 
Bis(pentamethyicyciopentadienyl)zirconium chloride; 
Bis(hexyk:yclopentadienyl)2irconium chloride; and 
Bis(trimethytsilylcycl9pentadienyl)zirconium chloride. 

IS 

As the organoaluminum oxy compound (b). there can be exemplified a widely known aluminooxane obtained by 
oxidizing an organoaluminum connpound and a benzene-insolubte aluminum oxy connpound disclosed in Japanese 
l^id-Open Patent Publication No. 276607/1990. 

The conventbnal aluminooxane can be prepared by. for example, the methods described betow. 

20 

(i) A method in which an organoaluminum compound such as trialkylaluminum is added to a hydrocarbon medium 
in which are suspended compounds containing adsorption water or salts containing water of crystallization, such 
as hydrate of magnesium chtoride. hydrate of copper sulfate, hydrate of aluminum sulfate, hydrate of nickel sulfate 
or hydrate of cerous chloride, and aluminooxane which is the reaction product is recovered as a solution of hydro- 
ps carbons. 

(ii) A method in which the water (in the form of any one of liquid, solid or gas) is directly acted upon an organoa- 
luminum compound such as trialkylaluminum in a medium such as benzene, toluene, ethyl ether or lelrahydro- 
furane, and aluminooxane which is the reaction product is recovered as a solution of the medium. 

(iii) A method in which an organotin oxide such as dime thy liin oxide or dibutyltin oxkie is reacted with an organic 
30 compound such as trialkylaluminum in a medium such as decane. benzene or toluene, and aluminooxane which 

is the reaction product is recovered as a solution of the medium. 

The solutton of the recovered aluminooxane can be directly used tor preparing a solid metaltocene catalyst, or 
may be dissolved again in a predetermined solvent after the solvent or the unreacted organoaluminum compound is 
3S removed therefrom by distillation or the tike, in order to use it for the preparation of the catalyst. 
The aluminooxane may contain snnall amounts of metal components other than aluminum. 
It is desired that the organoaluminum oxy compound (b) is contained usually in an amount of from 5 to 1000 mols 
and. particularly, from 10 to 400 mols per mol o1 the solid melaliocene catalyst (in terms of transition metal atoms). 
Examples of the particulate carrier (c) include inorganic panicles such as of SiO^, AI2O3, MgO, Zr02. CaO, Ti02, 
<o ZnO, Zn02. Sn02, BaO. ThO. as well as resin panicles such as of polyethylene, poly-4-methyl-l-pentene. styrene- 
divinyl benzene copolymer, etc.. whch may be used in a single kind or in a combinatton of two or more kinds. 

The solid metallocene catalyst is prepared by a widely known method by using the above-ment toned metaltocene 
compound (a), organoaluminum oxy compound (b) and particulate carrier (c). Usually, the metallocene compound (a) 
is used in an amount 0I from O.OOl to 1 .0 millimol and. particularly, from 0.01 to 0.5 millimols (in terms of transition 
<5 metal atoms), and the organoaluminum oxy compound (b) is used in an amount of from 0.1 to 100 millimols and. 
particularly, from 0.5 to 20 millimols per gram of the paniculate carrier (c). 

It is desired that the solid metallocene catalyst that is used has a particle diameter of from 1 to 300 ^m and. 
particularly, from 10 to 100 ^m. 

Like the above>mentioned Ziegler-Natta catalyst, furthermore, the solid metaltocene catalyst may. as required. 
so contain other conrjponents such as electron donor and reaction assistant that are useful for the polymerizatton of olefins. 

As a cocatalyst. furthermore, there may be used in combination an organoaluminum compound that is used for 
the Ziegler-Natta catalyst. The organoaluminum compound can be used as a starting material lor producing the above- 
mentioned aluminooxane. 

It is desired that the reaction temperature is lower than the melting point of the olefin polymer that is formed and, 
ss preferably, lower than the melting point by more than about 10'C, and is from room temperature to about ISO'C and. 
particularly, from about 40 to about 110*^0. 

The pressure for polymerizatton is usually set to be from atmospheric pressure to about 150 kgfcrn^ and, particu- 
larly, from about 2 to about 70 kg/cm^. 
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EXAMPLES 

5 

The invention will now be described by way ol Experiments. 
(Experiments 1 to 12) 

Superficial gas velocity in a column- ca . 

Polymerization pressure- 60 cm/sec 

Polymerization temperature- ]nol^*"^ ^ 

Residence time: ^ 

one hour 
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(Results) 
^ Experiment 1: 



After the operation was continued for five days, the interior of the polymerization vessel was observed Though 
the layer of a polymer which is as thin as about l to 2 mm was formed on the wall surfaces of gas passage holes in 
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finally abandoned after about 20 days. 
Experiment 12: 

After the continuous operation lor 4 days, the layer of polymer of 30 to 50 mm thick was formed on the wall surfaces 
of the polymerization vessel. Even the lines for taking out the powder had been plugged, and the operation coukJ not 
be conducted any longer. 

(Experiments 13 to 17) 

By using a ftuidized bed polymerization vessel equipped with a gas distributor plate having gas passage holes and 
overcaps shown in Table 3, ethylene and a small amount of buteneO were subjected to the gas phase polymerization 
under the following conditkxis to prepare a linear low-densrty polyethylene having a density of 0.920 kg/m^ and an Ml 
of 4.0 g/IOmin. 

Superficial gas velocity in a column: 70 cm/sec 

Polymerization pressure: 20 kg/cm^ G 

Polymerization temperature: 70'C 
Residence time: two hours 

In conducting the above-mentioned gas phase polymerization, continuous operation in the polymerization vessel 
was evaluated in the same manner as in Experiments 1 to 12. The results were as described below. 
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(Results) 
Experiment 13: 

Experiment 14; 

After the continuous operatitm 1f^r a m 

After the continuous ooeratinn n h« 
txpenment 16. -ways. 

uiwi pa,e, and the operation woe aK«— . *""»9ea. a massive polymer 
Experiment 17: ^® abandoned for two days. 

Sheet-like polymer Mnc f/^r-« 

(Experiments 16 to 20) 

By using a fluidized bed polymerizaiinn . . 

results were as described below. '"^Po'/merizaiion vesselandon the gas distribu^cJ^'^'^^^'^^^'^ 



was 



Exper iment 

(Gas passage hole! 



Table 4 
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Mumerical aperture 
Broadening angle G 
Distanced, among holes 
Diameter dj (B) 
Diameter dg (A) 



55 



With or without overcap 
Shape of outer line 

Length (a) of horizontal portion 
Angle 0 of upper end 

With or without partitioning wall 
Shape 01 partiti onino wall 
note: . 

— - '^^ peripheral portion B. 
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(Results) 
Experiment 18: 



Experiment 19: 



20 



2S 



periods Of time. ^"^^ f^^^Qe holes, and the^faS,!^^^ 

peraiion could be continued for extended 

Experiment 20: 

Moreover, the gas passage holes are fn™ . adheringonto the 

in one direction only the Sm!?nl "'^ ""he gas ^«aoe "^"^9* 

into the gas passage holeTS^ rj.en '"^ """^'^ ^e art "ZZlT""' ''^ 

at the upper end of the ooterJe of fheSn" "^'^ "<"^ "eing plupp^ ^ "'^^"'^ «"<e"n9 

prevent the occurrence ofpCint^'^Pr^'r'''^"^^^^^^^^ 

Ihe gas passage holes and s^l ? ''^"^ "'^ "^e^^aps a partitionino 1h " ^"°^ed to effectively 



Claims 
1. 



A gas distributor ptate havino a 

=reX^:?aSvf~^^^^ 

««stributorptete«77 oTonom .H " ^- ^oles perS^red in " "T' « "^'S^t drum 

"«n the average dimele, o °' ""^ ««'9ht drum pSnS, have " - '^"'^ '"e 

.han 0.7 from said celr '"'^ - -er pe^phra^:;,:; oMh?;r»,T' r"'=' -^'a- 

K3uior plate at smaller 

■ A gas distributor plate accordino la 

gas distributor plate. ^ ^* '^^ "'"ocity of gas in the Ldized bed l^*^ P^^P^eral 

zone on the upper side of the 

A gas distributor plate accordinn • 

peripheral portion is ,7o IS ' °' '''^ ^^^'^Se dimeter of th. . , 

peripheral portion. ' *° '«^9e as the average diamTter ortlliVcJl^ 
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4. A gas distributor plate according to ' 
* S. A gas distributor plate aceorrtin« ♦ . • ponion. 

; 7 

7. A gas distributor plate accordinnt^o ^^loizo". 

=■ »=»^i?r;r=r.z-.-rK 

9- A distributor plate according to Claim a • 

11. A gas distributor plate according to claim in * • 

12. AgasdistribolorplateaccordingioclaimiOori, ^ • 

Wer edge of the hole on the sWe ir, whi^ m J ^" ♦ subtended by a 8tr«i„h. r 

on.egap..^,,erthaneo.asvierre%?,:i^^^^^^^^ 
^ 13. A gas distributor plate according to anv of c 

15. A gas distributor plate accorriin«#« . • 
^ 16. A gas distributor plate having a number of c,« 

17. A gas distributor plate according to claim 1R u*, 

18. A gas d«tributor plate having a number of o« ^ 

'». A jas oisLiowo, pine accoMin. lo aaii, la ^ 
20. A gas distributor plate having a number of n= 

'"'•''rap « so prov«ied as to cover the 
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upper side ol each hole so that the gas flowing through said hole is drained in one direction, the outer line of the 
overcap as viewed .n a vertical cross section is upwardly inclined from the root portion thereof .J^rS ie hote i^ 
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FIG. I 
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F I G. 2 
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F I G. 3 




FIG. 4 
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FIG. 5 




FIG. 6 
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FIG. 7 
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FIG. II 
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FIG. 12 
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FIG. 13 
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FIG. 14 
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